
Registration No.

24971

UNCLASSIFIED

-Technical Report-

Evaluation of Particle Counter Technology for 
Detection of Fuel Contamination Detection 

utilizing Fuel System Supply Pointutilizing Fuel System Supply Point

Joel Schmitigalg

U S  Army Tank Automotive Research

DISTRIBUTION STATEMENT A. Approved for public 
release; distribution is unlimited.

U.S. Army Tank Automotive Research,
Development, and Engineering Center
Detroit Arsenal
Warren, Michigan 48397-5000

June 2014

UNCLASSIFIED



 Standard Form 298 (Rev. 8-98) 
 Prescribed by ANSI-Std Z39-18 

REPORT DOCUMENTATION PAGE Form Approved 
OMB No. 0704-0188 

Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching data sources, 
gathering and maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection 
of information, including suggestions for reducing this burden to Washington Headquarters Service, Directorate for Information Operations and Reports, 
1215 Jefferson Davis Highway, Suite 1204, Arlington, VA 22202-4302, and to the Office of Management and Budget, 
Paperwork Reduction Project (0704-0188) Washington, DC 20503. 

PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS.

1. REPORT DATE (DD-MM-YYYY) 
19-06-2014 

2. REPORT TYPE
Technical 

3. DATES COVERED (From - To)
12 June 2014 

4. TITLE AND SUBTITLE 
Evaluation of Particle Counter Technology for Detection of Fuel 
Contamination Detection utilizing Fuel System Supply Point 

5a. CONTRACT NUMBER 
      

5b. GRANT NUMBER 
      

5c. PROGRAM ELEMENT NUMBER
      

6. AUTHOR(S) 
Joel Schmitigal  
 

5d. PROJECT NUMBER 
      

5e. TASK NUMBER 
      

5f. WORK UNIT NUMBER 
      

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES)
US Army TARDEC 
6501 E. 11 Mile Road 
Warren, MI 48397-5000 

8. PERFORMING ORGANIZATION 
REPORT NUMBER 
      

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES)
      

10. SPONSOR/MONITOR'S ACRONYM(S)
      

11. SPONSORING/MONITORING 
AGENCY REPORT NUMBER 
      

12. DISTRIBUTION AVAILABILITY STATEMENT 
Distribution Statement A. Approved for public release; distribution unlimited 

13. SUPPLEMENTARY NOTES 
      

14. ABSTRACT 
In June 2013 TARDEC evaluated an online light obscuration particle counter plumbed into a Fuel System Supply Point 
(FSSP)  in conjunction with the Effective Energy for Expeditionary Operations Limited Objective Experiment (E2X LOE) 
at Fort A.P. Hill during the 2014 Quartermaster Liquid Logistics Exercise (QLLEX '14), to determine if air entrained in the 
fuel during the FSSP operation would affect the particle counter operation. 

15. SUBJECT TERMS 
      

16. SECURITY CLASSIFICATION OF: 17. LIMITATION OF 
ABSTRACT 
none 

18. NUMBER 
OF PAGES 
14 

19a. NAME OF RESPONSIBLE PERSON 
Joel Schmitigal 

a. REPORT 
Unclassified 

b. ABSTRACT 
Unclassified      

c. THIS PAGE 
Unclassified 

19b. TELEPONE NUMBER (Include area code) 
586-282-4235 

Joel.Schmitigal
Typewritten Text
24971

Joel.Schmitigal
Typewritten Text
24971

Joel.Schmitigal
Typewritten Text
TARDEC



INSTRUCTIONS FOR COMPLETING SF 298 

STANDARD FORM 298 Back (Rev. 8/98) 

1. REPORT DATE. Full publication date, 
including day, month, if available. Must cite at 
lest the year and be Year 2000 compliant, e.g., 
30-06-1998; xx-08-1998; xx-xx-1998. 

2. REPORT TYPE. State the type of report, such 
as final, technical, interim, memorandum, 
master's thesis, progress, quarterly, research, 
special, group study, etc. 

3. DATES COVERED. Indicate the time during 
which the work was performed and the report 
was written, e.g., Jun 1997 - Jun 1998; 1-10 Jun 
1996; May - Nov 1998; Nov 1998. 

4. TITLE. Enter title and subtitle with volume 
number and part number, if applicable. On 
classified documents, enter the title classification 
in parentheses. 

5a. CONTRACT NUMBER. Enter all contract 
numbers as they appear in the report, e.g. 
F33615-86-C-5169. 

5b. GRANT NUMBER. Enter all grant numbers 
as they appear in the report, e.g. 
1F665702D1257. 

5c. PROGRAM ELEMENT NUMBER. Enter all 
program element numbers as they appear in the 
report, e.g. AFOSR-82-1234. 

5d. PROJECT NUMBER. Enter al project 
numbers as they appear in the report, e.g. 
1F665702D1257; ILIR. 

5e. TASK NUMBER. Enter all task numbers as 
they appear in the report, e.g. 05; RF0330201; 
T4112. 

5f. WORK UNIT NUMBER. Enter all work unit 
numbers as they appear in the report, e.g. 001; 
AFAPL30480105. 

6. AUTHOR(S). Enter name(s) of person(s) 
responsible for writing the report, performing the 
research, or credited with the content of the 
report. The form of entry is the last name, first 
name, middle initial, and additional qualifiers 
separated by commas, e.g. Smith, Richard, Jr. 

7. PERFORMING ORGANIZATION NAME(S) 
AND ADDRESS(ES). Self-explanatory. 

8. PERFORMING ORGANIZATION REPORT 
NUMBER. Enter all unique alphanumeric report 
numbers assigned by the performing 
organization, e.g. BRL-1234; AFWL-TR-85-
4017-Vol-21-PT-2. 

9. SPONSORING/MONITORS AGENCY 
NAME(S) AND ADDRESS(ES). Enter the name 
and address of the organization(s) financially 
responsible for and monitoring the work. 

10. SPONSOR/MONITOR'S ACRONYM(S). 
Enter, if available, e.g. BRL, ARDEC, NADC. 

11. SPONSOR/MONITOR'S REPORT 
NUMBER(S). Enter report number as assigned 
by the sponsoring/ monitoring agency, if 
available, e.g. BRL-TR-829; -215. 

12. DISTRIBUTION/AVAILABILITY 
STATEMENT. Use agency-mandated 
availability statements to indicate the public 
availability or distribution limitations of the report. 
If additional limitations/restrictions or special 
markings are indicated, follow agency 
authorization procedures, e.g. RD/FRD, 
PROPIN, ITAR, etc. Include copyright 
information. 

13. SUPPLEMENTARY NOTES. Enter 
information not included elsewhere such as: 
prepared in cooperation with; translation of; 
report supersedes; old edition number, etc. 

14. ABSTRACT. A brief (approximately 200 
words) factual summary of the most significant 
information. 

15. SUBJECT TERMS. Key words or phrases 
identifying major concepts in the report. 

16. SECURITY CLASSIFICATION. Enter 
security classification in accordance with 
security classification regulations, e.g. U, C, S, 
etc. If this form contains classified information, 
stamp classification level on the top and bottom 
of this page. 

17. LIMITATION OF ABSTRACT. This block 
must be completed to assign a distribution 
limitation to the abstract. Enter UU (Unclassified 
Unlimited) or SAR (Same as Report). An entry in 
this block is necessary if the abstract is to be 
limited. 

 



UNCLASSIFIED 

 

 

 

 

 

 

 

 
NOTICES 

 
Disclaimers 

  
The findings in this report are not to be construed as an official Department of the Army position 
unless so designated by other authorized documents.  
  
Citation of manufacturer’s or trade names does not constitute an official endorsement or approval of 
the use thereof.  
  
Destroy this report when it is no longer needed.  Do not return it to the originator.  

  



UNCLASSIFIED 

 

U.S. Army Tank Automotive Research Development 
and Engineering Center 
Warren, Michigan 48397-5000 
 
 
 

Evaluation of Particle Counter Technology for Detection of Fuel 
Contamination Detection utilizing Fuel System Supply Point 
 
Joel Schmitigal 
Force Projection Technology 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Approved for public release; distribution unlimited 
 
Standard Form 298 (Rev. 8/98) 
 
Prescribed by ANSI Std. Z3 
 

 



UNCLASSIFIED 

 ii  
UNCLASSIFIED 

 

List of Figures iii 

List of Tables iii 

Acknowledgements iv 

1.  Introduction 5 

2.  Project Background 6 

3.  Approach 7 

4.  Analysis 8 

5.  Conclusion 10 

References 11 

List of Symbols, Abbreviations, and Acronyms 12 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 



UNCLASSIFIED 

 iii  
UNCLASSIFIED 

 

 

List of Figures 

Figure 1. Fuel System Supply Point (FSSP) set up at POL Site 4 at Fort A.P. Hill during the 
2014 Quartermaster Liquid Logistics Exercise (QLLEX '14). ....................................................... 7 
Figure 2. Parker icountOS light obscuration particle counter, BB-2590 battery box accessory, 
and fuel sampling port. ................................................................................................................... 8 
Figure 3. 4µm (c) ISO code particle count data for 10,000 gallon fuel transfer. ............................ 9 
Figure 4. Upstream ISO code particle count data for 10,000 gallon fuel transfer. ......................... 9 
Figure 5. Downstream ISO code particle count data for 10,000 gallon fuel transfer. .................. 10 
 
 
 
 
 

 

List of Tables 

Table 1. Proposed Particle Counter Limits ..................................................................................... 6 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



UNCLASSIFIED 

 iv  
UNCLASSIFIED 

 

 

Acknowledgements 

 

The author would like to thank William Perdue and Charles Burden from U.S. Army Combined 
Arms Support Command for their permission to participate in the Effective Energy for 
Expeditionary Operations Limited Objective Experiment (E2X LOE) at Fort A.P. Hill during the 
2014 Quartermaster Liquid Logistics Exercise (QLLEX '14), the 439th Quartermaster Company, 
and Philip Chang from Defense Logistics Agency – Energy and Matt Fielder and Diane Wheeler 
from Parker Hannifin Manufacturing UK for providing particle counter hardware for testing. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



UNCLASSIFIED 

 v  
UNCLASSIFIED 

 

 

1. Introduction  

 
Fuel quality assurance is accomplished by conducting periodic fuel sampling for the condition 
monitoring of aviation fuel by detecting, measuring, and reporting the levels of contaminants in 
the fuel.  The currently accepted methods for measuring particulate and free water contamination 
of fuel supplies include:  

 ASTM D2276 - Standard Test Method for Particulate Contaminant in Aviation Fuel by 
Line Sampling 

 ASTM D3240 – Standard Test Method for Undissolved Water in Aviation Turbine Fuels  
 ASTM D4176 – Standard Test Method for Free Water and Particulate Contamination in 

Distillate Fuels (Visual Inspection Procedures) 
 
The current methods have several drawbacks including operator subjectivity, lack of detailed 
analysis, limitations in providing reliable data, and the turn-around time needed to get the test 
results.   
 
The U.S. Army maintains the mission of providing quality fuel to all U.S. and Allied troops in 
tactical environments.  Presently, requirements as outlined require a dedicated group of 
specifically trained fuels personnel to perform several tests per day per installation, looking for 
traces of sediment and water in the fuel (1)(2)(3). 
 
Current  standards, such as MIL-STD-3004, Department of Defense Standard Practice for 
Quality Assurance/Surveillance for Fuels, Lubricants, and Related Products and Field Manual 
No. 10-67-2, Department of the Army Manual for Petroleum Laboratory Testing and Operations, 
specifies limits for free water and particulate matter in aviation fuels.  Specifically, free water 
contamination in jet fuel cannot exceed 10 parts per million (2) and particulate matter 
contamination cannot exceed 2.0 mg/L for Intra-Governmental transfer receipts and 1.0 mg/L on 
issue to aircraft, or up to 10 mg/L for product used as a diesel product for ground use (1). Free 
water contamination (droplets) may appear as fine droplets or slugs of water in the fuel systems.  
The particulate matter found in field fuel systems varies in shape and is commonly found in the 5 
to 40 micron size range.  Common particulate matter includes silica, rust, metal shavings, fibrous 
materials, coatings material including paint, elastomeric materials, hydrocarbon/oxidation 
materials, and any other solid matter.  At a minimum free water and particulate by color (as 
specified in the appendix of ASTM D2276) are checked daily, while filter effectiveness is 
checked every 30 days by gravimetric analysis (ASTM D2276). 
 
The use of particle counting and automatic particle counters is prevalent in the 
hydraulics/hydraulic fluid industry.  The International Organization for Standardization (ISO) 
has published several methods and test procedures for the calibration and use of automatic 
particle counters.  The transition of this technology to the fuel industry is relatively new and 
several organizations (military and commercial) have conducted testing to ensure the transition 
from the hydraulic fluid market to fuels is viable.   
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In recent years, the United Kingdom (UK) based, Energy Institute (EI) published standards 
relating to fuel quality measurement using sensors.  The first edition of EI 1570 Handbook on 
electronic sensors for the detection of particulate and/or free water during aircraft refueling was 
published in August 2012, and the second edition of EI 1598 Design, functional requirements 
and laboratory testing protocols for electronic sensors to monitor free water and/or particulate 
matter in aviation fuel was published in February 2012.  In addition to the handbooks, the EI has 
also developed three (3) standard test procedures and methods for evaluating the particulate 
matter of fuels using electronic sensors; IP 564, IP 565, and IP 577.   

 IP 564 – Determination of the level of cleanliness of aviation turbine fuel – Laboratory 
automatic particle counter method 

 IP 565 – Determination of the level of cleanliness of aviation turbine fuel – Portable 
automatic particle counter method 

 IP 577 – Determination of the level of cleanliness of aviation turbine fuel – Automatic 
particle counter method using light extinction 

 
Military aviation fuels meeting the requirements of DEF STAN 91-91 (UK) (4) and MIL-DTL-
83133 (US) (5) both include a report only requirement for particle counting.  Particulate 
contaminate limits using particle counters are being developed as test programs and field 
demonstrations are in progress.    
 
The U.S. Army and U.S. Navy have conducted laboratory evaluations of particle counter 
technologies for fuel contamination monitoring.  The particle counters tested were unable to 
adequately distinguish between free water and sediment contamination.  Conclusions from the 
laboratory evaluation indicated that particle counters cannot replace current technology where 
quantification of both free water and sediment contamination is required.  However, this 
technology showed significant promise for monitoring overall fuel quality.  To simplify the 
reporting of particle counter data, the International Organization for Standardization created 
Cleanliness code 4406:1999 (6).   Several interested parties, both commercial and military, have 
proposed limits based on light obscuration particle counting technologies based on ISO 4406, 
provided in Table 1 and references (7)(8)(9)(10)(11)(12)(13)(14).  As a result of the laboratory 
testing conducted, the U.S. Army has proposed a working cleanliness limit (based on ISO 4406) 
of 19/17/14/13 utilizing the 4µm (c)/ 6µm (c)/ 14µm (c)/ 30µm (c) size channels (9).  The U.S. 
Army has included the 30µm size to detect free water in the fuel.   
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Receipt  Vehicle Fuel 
Tank

Fuel Injector 
Aviation Fuel  
DEF (AUST) 5695B  18/16/13

Parker  18/16/13 14/10/7

Pamas/Parker/Particle 
Solutions  19/17/12  
U.S. Army  19/17/14/13* 

Diesel Fuel  
World Wide Fuel Charter 4th  18/16/13

DEF (AUST) 5695B  18/16/13

Caterpillar  18/16/13 

Detroit Diesel   18/16/13  
MTU   18/17/14  
Bosch/Cummins  18/16/13

Donaldson  22/21/18 14/13/11 12/9/6

Pall  17/15/12 15/14/11 12/9/6
11/8/7

Table 1. Proposed Particle Counter Limits 
*addition of 30 micron channel proposed by U.S. Army for detection of free water. 
 

2. Project Background 

 
In 2013 Defense Logistics Agency – Energy funded a Tri-Service Field Evaluation of Automatic 
Particle Counters.  Each Service chose two locations to conduct testing.  The U.S. Army chose to 
conduct testing at Campbell Army Airfield at Fort Campbell, KY(15), and three Army Heliports 
(AHP) at Fort Rucker, AL(16). 
 
The test results at Fort Rucker clearly demonstrated the on-line particle counters susceptibility to 
providing erroneous results in the presence of air bubbles in the fuel stream.  In addition to the 
light obscuration particle counters displaying these erroneous results when air bubbles were 
known to be in the fuel stream during fuel receipt operations the test results at Monielli 
Stagefield Army Heliport’s Pad 11, which is at the furthest point away from the bulk fuel storage 
facility at Molinelli Stagefield AHP fed by a 1/3 mile underground fuel line.  The data seen at 
Monielli Stagefield Army Heliport had spikes corresponding to the fuel pump at the airfield 
automatically shutting off every 10 minutes and were theorized as being caused due to a “water 



UNCLASSIFIED 

7 
UNCLASSIFIED 

 

hammer” effect in the fuel system that shook water free from pockets within the fuel system 
piping(16).   
 
To follow up on the Fort Rucker testing additional tests were conducted at Redstone Test Center 
while AMRDEC was conducting Alcohol to Jet (ATJ) fuel flight tests (17).  The test results 
indicated that on-line particle counters, while susceptible to the presence of air found in fueling 
systems, appear to be compatible to the Army’s tactical fueling systems.  It should be noted the 
ATJ testing utilized a commercial fuel tanker to house the bulk petroleum product and not the 
fuel drums or collapsible fuel storage bags/tanks which may induce more air into the fuel stream 
than the commercial fuel tanks.  The Army’s tactical fuel storage drums and collapsible fuel 
storage bags/tanks are more likely to cause air entrainment in the fueling stream due to the 
location of fill or discharge port than is seen in commercial fuel tanks with bottom discharge 
points, and additional testing is recommended on tactical fueling equipment. 
 
In June 2014 the Army conducted a the Effective Energy for Expeditionary Operations Limited 
Objective Experiment (E2X LOE) at Fort A.P. Hill during the 2014 Quartermaster Liquid 
Logistics Exercise (QLLEX '14), which included the operation of a Fuel System Supply Point 
(FSSP) manned by the 439th Quartermaster Company, with afforded an opportunity to evaluate 
the online particle counter technologies. 
 

3. Approach 

 
The FSSP utilized for the QLLEX '14 at Fort A.P. Hill consisted of three 20,000 gallon fuel 
bladders, two containing 10,000 gallons of fuel and the third bladder was held in reserve as 

shown in   
.  Fuel sample ports were inserted upstream and downstream of the fuel filter separator to sample 
the fuel for the presence of contamination and determination of if the presence of air bubbles in 
the fuel flow would obscure particle counter readings as shown in Error! Reference source not 
found..  
 

  
Figure 1. Fuel System Supply Point (FSSP) set up at POL Site 4 at Fort A.P. Hill during the 2014 

Quartermaster Liquid Logistics Exercise (QLLEX '14). 
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Figure 2. Parker icountOS light obscuration particle counter, BB-2590 battery box accessory, and 

fuel sampling port. 
 
Initial fuel receipt for the E2X LOE during QLLEX '14 consisted of 20,000 gallons of fuel 
downloaded into one fuel bladder, 10,000 gallons of fuel was later transferred through the filter 
separator to the second bladder.  During this fuel transfer particle count data was collected at the 
sample ports upstream and downstream of the filter separator.   
 
The instrumentation utilized for the evaluation was an online instrument Parker icountOS, 
Error! Reference source not found., the same online instrumentation for previous evaluations.  
The Parker icountOS instrument contains the similar internal optics and fluid path geometry as 
the Parker ACM 20 specified in IP 564, Determination of the level of cleanliness of aviation 
turbine fuel - Laboratory automatic particle counter method, is traceable to ISO 11171, 
Hydraulic fluid power - Calibration of automatic particle counters for liquids via ISO 
11943.1999 - On-Line automatic particle-counting systems for liquids - Methods of calibration 
and validation, and reports ISO 4406.1999, Hydraulic fluid power - Fluids - Method for coding 
the level of contamination by solid particles, codes directly.  The iOS instruments are capable of 
pumping the fuel back into the supply lines; thus creating no waste fuel.  Ideally, these 
instruments can be left in the field to monitor and collect data for fuel transfers. For this 
demonstration the iOS units were configured to pull fuel samples when manually initiated by the 
operators for each data set.  
 

4. Analysis 

 
The data obtained during the 10,000 gallon fuel transfer indicates that air bubbles are not present 
in the fuel stream as there are not a large number of particles, as shown in Figure 3, nor are there 
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large particle present as shown in Figure 4 and Figure 5, which is indicative of the presence of 
air bubbles. 
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Figure 3. 4µm (c) ISO code particle count data for 10,000 gallon fuel transfer. 
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Figure 4. Upstream ISO code particle count data for 10,000 gallon fuel transfer. 
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Figure 5. Downstream ISO code particle count data for 10,000 gallon fuel transfer. 

 
 

5. Conclusion 

 
The test results indicate that on-line particle counters appear to be compatible to the Army’s 
tactical fueling systems.  It should be noted that only a limited data set was collected during the 
10,000 gallon fuel transfer. A long term evaluation of online particle counter instruments on the 
Army’s tactical fuel storage drums and collapsible fuel storage bags/tanks would give a better 
indication of the likelihood air entrainment in the fueling stream due to the location of fill or 
discharge port. 
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